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The specific conclusions and recommendations included in these
proceedings are those of the workshop participants and do not
necessarily represent the view or policy of the International Joint
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The Council of Great Lakes Research Managers was established in l984 to
enhance the ability of the International Joint Commission and its Science
Advisory Board to provide guidance and advice on Great Lakes research. The
Council is responsible for collecting and disseminating information on
research programs relevant to the Great Lakes, identifying research needs and
assisting in the coordination of research efforts in the Great Lakes basin.
This workshop was held with its principal objectives being to review the
effectiveness of Great Lakes research programs, using polychlorinated
biphenyls (PCBs) as a case study and to recommend appropriate mechanisms for
improving research coordination and cooperation among Great Lakes research
institutions.
On the first day of the workshop, nine speakers were invited to present
papers on research results and review progress and accomplishments with regard
to exposure, sources, measurements, effects and management of PCBs. Areas
that require additional research efforts were identified and research
difficulties and limitations were candidly discussed. On the second day of
the workshop, participants were divided into three work groups to address the
following issues:
° Sources, Measurements, Characterization, Transport and
Modeling;
Exposure and Effects; and
Management and Remedial Measures, including Social and
Economic Considerations.
Each work group utilized the information presented at this workshop to
develop a list of recommendations on the type of research needed to provide
the scientific information required for the management of toxic substances
problems in the Great Lakes ecosystem. Also, they exchanged information on
their current research programs, resources and facilities and explored
mechanisms for coordinating their research efforts to achieve mutual goals
more cost effectively.
CONCLUSIONS AND RECOMMENDATIONS
Based on information presented by the speakers and results of work group






There are five major non—occupational routes of human exposure to
contaminants: air, drinking water, soil, food and consumer products.
These sources usually contribute to total body burden. However, the
relative contributions from these various sources are still unclear.
To date, Great Lakes research on exposure has dealt with human intake of
pollutants through the consumption of contaminated fish,. examining
concentrations of contaminants in drinking water, levels of contaminants
in human tissue and in mother's milk and extrapolational data from animal
exposure studies. Most of the recommended maximum exposure limits or
acceptable daily intake of chemicals for humans are based on drinking
contaminated water or eating contaminated fish with limited reference to
other routes of human exposure.
Now, however, there is growing evidence that humans
are exposed to
variable but significant amounts of persistent toxic chemicals in food and
in a variety of consumer products.
The workshop participants, therefore, recommended that:
°
more of' the existing research effort should be expended on
the investigation of the relative contributions of the various
routes of human exposure to contaminants, and
°
the exposure
fromsources other than contaminated drinking
water and fish should be taken into consideration when maximum
exposure limits or acceptable intake doses are established.
gm:
Toxic chemicals






point sources, tributaries as well
as urban and


















measuring and controlling the input of contaminants into the Great Lakes
from the various sources.
These efforts have been successful with regard






















are extremely difficult and costly.



























During the last two decades, environmental measurements of toxic chemicals
have centered around their concentrations in water, aquatic organisms,
sediment, air and to a lesser extent, terrestrial species and humans. The
main purpose of making these measurements was to determine their levels




















chemicals, scientists attempted to assess the potential effects of
contaminants on ecosystem health.
In the past, it was difficult to accurately measure or even detect very
low concentrations of certain contaminants in environmental samples or to
distinguish individual isomers or congeners of complex groups and mixtures
such as polychlorinated biphenyls (PCBs). Individual isomers may share
some similarities in structure and behaviour but often differ in the
intensity of their toxicological effects. Scientists recognized that
reported values of total PCBs with different congener composition are not
comparable.
Recent advances in analytical procedures and refinement of instruments
have significantly improved detection limits and allowed for better
resolution and identification of individual components of complex
mixtures. Unfortunately, either because of the high cost of the new
technology or because some laboratories are reluctant to utilize the more
sophisticated but tedious procedures, many environmental measurements are
still being conducted, using outdated analytical techniques.
The participants, therefore, recommended that:
° some of the existing research effort should be directed
toward the design of selective but more efficient
environmental sampling programs to reduce the number of
sampling stations and samples collected but still provide
adequate information for environmental assessment purposes;
environmental measurements should focus on those parameters























equipment and revise their analytical procedures.































































































































































As indicated above, it is very difficult and costly to monitor all sources
and calculate their loadings into the Great Lakes. To overcome these
difficulties, research scientists are attempting to develop models based
on trends of contaminant levels in sediment or biota. Their assumption is
that a relationship exists between contaminant loadings and their
concentrations in sediment or biota. While this relationship seems simple
and logical, there are many factors that may influence this relationship
and should be taken into consideration when the models are developed.
The participants, therefore, recommended that:
° current research effort should continue to explore the
feasibility of developing mathematical models for calculating
mass balances of toxic chemicals in the Great Lakes and of
establishing relationships between toxic chemical loadings and
their concentrations in the various compartments of the
environment .
Ecological Effects:
Research studies conducted on PCBs have demonstrated that structural
and/or functional changes could be imparted on Great Lakes biota when they
are exposed to persistent toxic chemicals. At ambient concentrations,
PCBs have been shown to reduce the gross primary productivity of certain
groups of phytoplankton. They also have been shown to reduce the grazing
capability of zooplankton and food ingestion in some herbivorous species.
In the wild, PCBs and DDT have been correlated with the mortality of the
chinook salmon and reduced the survival
rateof lake trout fry.
Also, due
to exposure to DDE in the Great Lakes, nine of l3 fish—eating bird species
have shown decreased eggshell thickness, which affected their reproduction
successes.
The nature and magnitude of the deleterious effects of a toxic chemical
usually depend on the properties of the chemical as well as on its dosage
(i.e. concentration and time of exposure). While a significant amount of
research had been expended on the study of toxicological effects of
individual chemicals on a limited number of species in the laboratory, few
investigations involved the study of chemical mixtures and their effects
on groups of organisms or populations exposed to ambient concentration
levels under prevailing environmental conditions.
While laboratory tests are considered essential for understanding how
certain chemicals can affect specific biological systems, well—planned
field studies can provide a more realistic assessment of the effects of
these chemicals on the health of the ecosystem. Field studies will
reflect the ultimate effects of a multitude of complex interacting factors
(e.g. synergism) that cannot be duplicated in the laboratory.
Another important issue that has not yet been
adequately investigated
relates to the ability of Great Lakes aquatic organisms to tolerate or
adapt to long—term exposure of persistent toxic chemicals.
 Based on the above, the participants recommended that:
° both laboratory and field investigations should be used to
assess the effects of mixtures of persistent toxic chemicals
on aquatic organisms and to determine the extent to which
different organisms or groups of organisms can adapt to
long—term exposure to ambient levels of persistent toxic
chemicals.
Human Health Effects:
PCBs were found in several human tissues and organs, including mother's
milk, placenta tissue, blood serum and adipose tissue. PCB levels vary
widely among individuals depending on the extent of their exposure. A
recent study conducted in Michigan indicated a positive correlation
between PCB levels and the quantity and type of Great Lakes fish
consumed. The study also concluded that there is a positive correlation
between PCB concentrations in the body and the period of exposure. The
longer the individuals had been consuming fish, the greater were the PCB
levels in their blood serum.
The research also indicated that each individual has a baseline level of
PCBs circulating in his or her body. This baseline will surge shortly
after each exposure to a new dose of PCBs, e.g. after eating a meal of
contaminated fish. The elevated level, therefore, will exceed what
normally is circulating in the body and can reach harmful levels.
Although PCBs are not primary carcinogens, they are believed to be tumour
promotors. Because of this property and because they are bioaccumulative
and persistent, there is a concern about their potential effects on human
health.
Based on the above, the participants recommended that:
° collaborative research is required to develop a good data
base on levels of contaminants in human bodies and to
correlate these levels with observed physiological
deficiencies, genetic aberrations, biological function
impairments or any other medical problem.
Social and Economic Considerations:
Research programs of governmental agencies responsible for environmental
protection usually emphasize technological development with some
considerations given to the relative cost—effectiveness of alternatives.
The broader question of the socio—economic consequences of the
technologies, however, are not generally considered. On the other hand,
nongovernmental environmental organizations take greater interest in
socio-economic issues because they realize that social and economic
impacts are important motivating factors.
Although members of the public have been regularly polled on their
attitudes and opinions on environmental issues and have usually expressed
 
  
strong commitment to environmental
quality,
there have been few studies
and







































































































































































































hazardous wastes such as PCBs.

































































































































































































































 The main problem now facing regulatory agencies in Canada and the United
States is the control of PCB—containing equipment still in service and the
disposal of PCB waste currently in storage.
Accordingly, the workshop participants recommended that:
° more effort should be directed toward the development of a
forced attrition policy to phase out the use of all
PCB—containing equipment, and
° a complete performance standard must be developed for PCB
destruction technology to ensure public safety.
Remedial Options
Effective remedial action plans and implementation strategies require
close collaboration among managers, scientists and the public. The Green
Bay experience is a good example of such collaboration and is worthy of
careful examination. Similar pilot studies are needed at other selected
sites such as the Hamilton Harbour and the Grand Calumet River. The
results of these studies should be monitored and evaluated for the
social-learning processes inherent in them and analysed with reference to
the Green Bay experience.
The participants recommended that:
° the collaboration among managers, scientists, politicians and
the public in Green Bay and other Areas of Concern should be
applied to develop site—specific remedial action plans for the
42 Areas of Concern identified by the Water Quality Board.
Dissemination of Research Information:
Norkshop participants agreed that there is a need for better dissemination
of information on research underway or recently completed. Such
information would be useful to the Great Lakes scientific community and
would facilitate the coordination of research activities.
The participants, therefore, recommended that:
° the Council of Great Lakes Research Managers, with assistance
of the Great Lakes Regional Office, consider the preparation
of annual inventories that:
— identify government and nongovernment research
institutions and funding agencies in the United States
and Canada involved in Great Lakes research;
— provide summaries of all research programs relevant to
the Great Lakes, including detailed information on
objectives and resources allocated to each research
project; and
— disseminate this information in written and electronic
form from the Great Lakes Regional Office.
—xiii —
 
 11. Research Coordination:
Recognizing that Great Lakes research programs suffer from a iack of
coordination and focus, workshop participants recommended that:
° the Council of Great Lakes Research Managers should establish
a clear statement of goals and objectives which would serve as
the basis for developing a program of binational cooperation
for all Great Lakes research. This statement and program
could then be brought forward to the co—chairmen of the Great
Lakes Science Advisory Board and subsequently transmitted to
the Great Lakes Water Quality Board and International Joint
Commission for consideration and appropriate action, and
° a set of research needs integrating requirements for human
health, fisheries and wildlife management be developed to
support the above statement of goals and objectives, and that
the Council establish priorities for those needs and develop a




United States Environmental Protection Agency (U S. EPA)
Environmental Research Laboratory, Duluth, Minnesota
My name is Norm Jaworski. I am the Director of the U.S. EPA Environmental
Research Laboratory in Duluth, Minnesota. I welcome you to this workshop on
Great Lakes Research Coordination. The Council of Great Lakes Research
Managers has been planning this workshop for about a year now and we have a
good representation of research managers from Canada and the United States.
Before I introduce Chairman Bissonnette, I would like to share with you my
thoughts on why the Council is holding this workshop.
Last night when we got together in the hospitality room, someone asked me
why this workshop is focusing on PCBs. It was a very good question. You may
recall that the book, “In Search of Excellence,” has focused on the top
companies and why they were successful. It did not address companies that
were not successful, or why they failed. In this conference, we are not
necessarily looking at the end of a successful era in the control or
management of PCBs, but we are looking at a case history where significant
progress has been made to manage and control these hazardous compounds.
In the U.S. EPA, the key word in separating Risk Assessment from Risk
Management, from a research viewpoint, is the word “uncertainty.” If you look
at one group of compounds like PCBs and consider their sources, movement,
measurement, health effects, ecological effects and methods of control, you
will find that uncertainty is present in all of these areas. Yet, there were
decisions made down the line regarding the management of PCBs. As
researchers, we have an obligation to help the managers understand the word
uncertainty. The history of PCBs gives us an opportunity to look at the
uncertainty issue in research, how it has progressed and how we got to where
we are, so that the next PCB problem (or whatever it may be) can be addressed
with the idea of reducing uncertainty.
Thus it is appropriate that we step back — look in time — at the





















































































































































































Chairman, Canadian Section, Internationai Joint Commission
It is indeed a pieasure to be here today and to weicome you to
the Workshop on Great Lakes Research Coordination. Under the Great
Lakes Water Quaiity Agreement between Canada and the United States,
the Internationai Joint Commission is responsibie for the provision
of assistance in the coordination of Great Lakes research and making
sure that water quaiity probiems are addressed adequateiy. Research
is fundamentai to the study of the Great Lakes and the Commission is
extremeiy interested in the extent to which this research is meeting
Great Lakes needs.
I am deiighted that this meeting is taking piace today. The
Councii of Great Lakes Research Managers, which was established iess
than two years ago, consists of oniy eight members, but I am pieased
to see that they have taken the initiative to invite such a iarge
number of renowned scientists invoived in Great Lakes research. I
expect a iot to be accompiished from this meeting with their peers.
I hope that aii of you heretoday wiii address not oniy your own
research probiems, which are our probiems aiso, but at the same time
wiii provide the Councii with your suggestions and recommendations
regarding research focus and direction, in order to satisfy our









Eco Logic, Inc. (ELI), Acton, Ontario
In the same way we look at fish or herring gulls as examples of the
species being exposed to contaminants in the Great Lakes, we must look at
human beings also as a species exposed to the same contaminants as a result of
living in the Great Lakes basin. Persistent toxic chemicals such as PCBs,
DDT, toxaphene, mirex, chlorobenzenes and chlorinated dioxins have been found
throughout the Great Lakes ecosystem and their residues are evident in fish,
herring gulls, food, rainfall, snow, water and human beings. There is a
well—developed data base for PCBs, and since their properties are relatively
similar to those of several other persistent organochlorine contaminants, PCBs
could serve as an example for most other persistent toxic organic substances.
The sediment record on the Great Lakes clearly shows that the most severe
contamination from toxic chemicals of industrial origin occurs either
downstream of the major connecting channels or in those harbours and
tributaries having intense populations and industries associated with them.
The former includes the Niagara River, the Detroit River, the St. Clair River
and the St. Marys River. Naukegan Harbor, Cleveland Harbor, Hamilton



















prevalent in each area are the chemicals associated with the industries
adjacent to those water bodies (IJC, PLUARG 1978). The PCBs in Naukegan
Harbor or the Humber River are associated with direct industrial and municipal
discharges. Heavily contaminated lake, river and harbour sediments (figure l)

















































 The Niagara River area is one of the most closely studied sites with high
toxic chemical contamination. Temporal trends in Lake Ontario are confusing.
On first glance one can see a dramatic improvement in residues of PCBs, mirex
and dioxin, particularly in wildlife and fish between l97O and l980 (figure
2). However, from l980 to l984, the downward trend stopped for all of these
»residues. When we examine sediment records at the source of Lake Ontario, we
find that deposition rates for PCBs and mirex from l950 to l96O are comparable
with the present—day rates. However, at about 1960, tremendous pulses of
PCBs, mirex, chlorobenzenes and hexachlorobutadiene are shown in the sediment
record. Deposition rates taper off to l97O when they plateau at about the
rates of the l9SOs (Durham and Oliver, l983). If one examines the water in
the Niagara River today, one still finds PCBs, mirex, chlorinated dioxins and
dibenzofurans. The most likely current sources are leachates from a series of
landfills located in this area, which contain over 250 million tons of
chlorinated waste (Hallett and Brooksbank, T986).
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Department of Fisheries and Oceans, and
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The data for biota and water indicate that
residue
levels of persistent
toxic substances such as PCBs in the relatively non—industrialized upper Great
Lakes are now reaching
levels similar to those in the heavily industrialized
lower Great Lakes.
This is the result of continuing accumulation of PCBs from
the atmosphere.
There have been a number of studies on the concentrations and








concentrations of atmospheric PCBs have been found to be
approximately equal to those over



































environment through urban runoff.
The annual




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(Frank et al. l983>.
ll
   
TABLE 1: Human, wi1d1ife and fish residues in Ontario.
HUMAN RESIDUES IN ONTARIO (mg/kg)
Adipose Tissuel Breast mi11<2
. . —fat basis—
COMPOUND KINGSTON : OTTAWA : ONTARIO ONTARIO







Mirex 0.027 5 0.011 f 0.02 —













































































































Norstrom et a1. 1978







TABLE 2: Residues in adipose tissues from humans across Canada
(from Mes and Davies, 1979).
 
Amount* Percentage of samples



























































    

































































































































































































































































































































































































































































































































































































































































































l “ " " 1975 1979 1980
FIGURE 7:
Aroclor l26O in mothers'
milk
l975 Canada—wide
(from Mes and Davies, l979).
TABLE 3:
Mean concentrations and estimated exposure to PCBs in human milk
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 2. EXTERNAL LOADINGS OF PCB TO THE GREAT LAKES
CLIFFORD P. RICE









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 TABLE l: Estimated range of contemporary total PCB loading (kg/a)
(from Thomann and DiToro, l983).
Municipal & Atmospheric Load
Lake Atmosphericl Tributary2 Industrial3 Total as 1 of Total
Superior 755—7,550 630—l,89O 5— 6O l,390—9,500 28—92
Michigan 530—5,3l0 460—l,380 70~ 700 l,060—7,390 20—9l
Huron 340—3,4l0 680—2,04O lO— T30 l,O30—5,58O l4—83
Erie 230—2,29O 230— 690 220—2,l80 680—5,l6O 7—84
Ontario l80—l,83O 330— 990 l30~l,26O 640—4,08O 7—80
1 Atmospheric loading range: precipitation, TO to lOO ng/L; dry deposition,
l.2°lO'6 to l.2°lO—5g/m2/a.
2 Tributary loading @ lO to 30 ng/L, except Saginaw Bay where tributary input
data were directly available.
3 Municipal and Industrial direct point source loading @ O.l to l.O pg/L.
TABLE 2: Estimated PCB loadings by lake (kg/a) median values.
Municipal 8 Atmospheric Load
Lake Atmospheric Tributary Industrial Total as 1 of Total
Superior 9,800*(4,l53**) l,26O 33 ll,093 98(76)
Michigan 6,900*(2,920**) 920 385 8,205 84(69)
Huron 7,200*(l,875**) l,36O 70 8,630 83(57)
Erie 3,lOO*(l,260**) 355 l,200 4,655 67(45)
Ontario 2,300*(l,OOS**) 660 695 3,655 63(43)
*Eisenreich et al. l98lb.
**Thomann and DiToro, l983.
Some of the assumptions used to get these first—cut comparisons represent
areas which intuitively are suspected as misleading. It is generally believed
that the lower lakes have heavier loadings of PCBs because of their proximity
to known sources. None of the north-to—south variations appear in the data,
except perhaps from the greater numbers of industrial and nmnicipal source
loadings. These data could only be derived from varying the amounts
discharged from these sources; unfortunately, no comprehensive data have been
generated to provide this type of detail. There are more precise measurements
of different source compartment loadings which can be used to update Thomann
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































to the estimated values.
Industrial and Municipal Point Source Discharges
Virtually no new values have been reported for updating the estimate of

















A New Technique for Assessing Atmospheric Deposition
 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 3. ENVIRONMENTAL MEASUREMENTS OF PCB RESIDUES: AN OVERVIEW
B.K. AFGHAN
Water Quality National Laboratory, Water Quality Branch
Canada Centre for Inland Waters, Burlington, Ontario
lﬂIBQDUQIlQﬂ
Polychlorinated biphenyls (PCBs) have been widely used since their
commercial production. They were mainly useful because of their excellent
dielectric properties as well as their thermal and chemical stability.
Commercial PCB preparations are mixtures of various isomers of chlorobiphenyls
with different numbers of chlorine atoms. These preparations are produced and
marketed under several names such as Aroclor, Clophen, Phenochlor, Kanechlor,
etc. They vary from a mobile phase, oily liquids, to white crystals and hard,
transparent resins. The viscus, more highly chlorinated liquids and resins do
not support combustion and they impart fire retardancy to other materials.
Hutzinger et al. (l974) has summarized the major producers and uses of PCBs up
to l973 and these are presented in table l. These uses can be divided into
two major categories: closed and open. Currently, the use of PCBs is
restricted to closed systems and strict regulations and guidelines are in
effect for the use of PCBs in electrical equipment and wastes containing PCBs.
TABLE l: Producers and Uses of PCBs
(from The Chemistry of PCBs, CRC Press T974).
P R O D U C E R
Monsanto (U.S.A. & U.K ) . . . . . . . . . . . . . . . . . . . . Aroclor”
Bayer (Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Clophen”
Prodelec (France) . . . . . . . . . . . Phenochlor and Pyralene“
Kanegafuchi (Japan) . . . . . . . . . . . . . . . . . . . . . . . Kanechlor”
Mitsubishi—Monsanto (Japan) . . . . . . . . . . . . . . Santothermm
Caffaro (Italy) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fenclor”
Sovol (U.S.S.R ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Chem (Czechoslovakia) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

































































































































































































































































































































































































































































































































































































































































































































































































































































































Human Exposure: Measurements are made to estimate human exposure to
PCBs. The major source of PCBs in humans is believed to be occupational
exposure and consumption of fish and other foods.
Many countries have established regulations and tolerances for PCBs in
classes of food, and guidelines for ambient and occupational air. Maximum
exposure levels for PCBs by the average population can be derived from the
quantity of the particular food consumed by an average person and the
maximum residue limits for various foods. Typical figures for the
Canadian population are shown in table 2.




F O O D RESIDUE LIMIT
I N T A K E PCBs INTAKE
T Y P E (g/person/day) (pg/g) (pg/person/day)
Fish 20 21 40
Dairy Products2 32.8 0.23 6.6
Meat, beef 48 0.21 9.6
Poultry 3.6 0.53 l.8
Eggs 34 O.l4 3.4
1 edible portion 3 fat basis
2 milk, cheese, butter 4 whole weight, less shell
In Canada, the majority of PCB analysis in commercial fish is carried out
by the Department of Fisheries and Oceans. The Department of National
Health and Welfare conducts nationwide surveys to monitor human exposure
to PCBs. Agriculture Canada has undertaken a chemical residue monitoring
program in Canadian beef, poultry and pork. Typical results of monitoring
PCB in Canadian meat and related products is shown in table 3 and figure 1.
TABLE 3: Agriculture Canada — PCB monitoring programs
(information supplied by Dr. P.N. Saschenbrecker, Agriculture Canada).
 
SAMPLE LIMIT OF POSITIVE FINDINGS
C O M M O D I T Y QUOTA QUANTITATION (ppm) SINCE l98O (ppm)
Eggs (domestic/import) 8O O.l5 —
Egg products (domestic) 20 O.l5 —
Animal fat (domestic) 350 0.25 —
Animal fat (imported) 200 0.25 —
Dairy products 50 0.25 —
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Environmental Distribution and Levels: PCBs have been widely detected
throughout the world. Risebrough (l97l) has reported that PCBs are found
in substantial amounts in certain compartments of the aquatic
environment. PCB levels in freshwater and seawater range from
approximately one to 40 ng/L. Sediment levels range from a few parts per
million (ppm) to several hundred ppm. Several sediments of the Hudson
River, Lake Michigan and certain geographical locations in the Great Lakes
basin contain significantly higher levels of PCBs. PCBs have also been
found in the atmosphere, precipitation and in the terrestrial
environment. Some examples of PCB levels found in various sample types in
Canada are presented in tables 4 and 5.
TABLE 4: Summary of PCB residue data




LAKE GREAT LAWRENCE ATLANTIC PRAIRIES ARCTIC
ONTARIO LAKES RIVER PROVINCES & B.C. REGION
vg/g
Herring Gull Eggs 108. 48.5 20.7 4.3
Yellow Pickerel 2.0 0.89 2.0 0.093







— Harp 9.2 6.2




Prairie Falcon Eggs 0-89
Merlin Eggs l-40
Dairy Milk Fat O.lO
Human Adipose Tissue l.l 0.973 0.73 0.72
1 Excluding a single sample of 3.0 mg7kg


































































































































































































































Most of the key environmental data on PCBs are obtained by the study of
animals and/or other biological species, since PCBs are highly hydrophobic
and tend to accumulate in fat tissues of animals and other aquatic
organisms.
A great deal of effort has been directed towards environmental monitoring
and many governmental agencies are currently performing analyses on a
routine basis. Examples of PCBs and DDT monitoring carried out by
Canada's Department of Fisheries and Oceans, Ontario Ministry of the
Environment and Environment Canada are presented in figures 2, 3, 4, 5 and
6 and in table 6.
1985 GREAT LAKES LAKE TROUT (AGED 4+)





































FIGURE 2: l985 Great Lakes lake trout (aged 4+) whole fish DDT levels
(data supplied by D.M. Whittle, Dept. of Fisheries and Oceans,
GLFRB, Burlington, Ontario).
LAKE DNTARID LAKE TRDUT (AGED 4+)
WHDLE FISH PCB LEVELS
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FIGURE 6: PCBs in herring gu11s (Norstrom et a1. 1985).
TABLE 6: Survey of 1eve1s of PCBs in ambient air




LOCATION/DESCRIPTION SAMPLES AVERAGE HIGH LON
URBAN: Toronto 14 0.64 2.95 0.00 1
Bur1ington 14 0.089 0.46 0.00 ‘
Hami1ton 1 14 0.066 0.39 0.00
Hami1ton 2 14 0.049 0.22 0.00
Mississauga 1 14 0.13 0.53 0.00
Mississauga 2 14 0.047 0.17 0.00
Mississauga 3 14 0.13 0.34 0.00
Mississauga 4 14 0.19 0.67 0.00
Oshawa 14 0.051 0.19 0.00
Windsor 14 0.056 0.32 0.00
SUBURBAN: London 14 1.42 4.51 0.00
Sudbury 14 0.015 0.10 0.00
Toronto 14 0.20 1.12 0.00
INDUSTRIAL: Sarnia 14 0.28 1.16 0.00
Hami1ton 1 14 0.058 0.23 0.00
Hami1ton 2 14 0.074 0.31 0.00

















































































Environmental Dynamics of PCBs
A considerable amount of data has been collected on the environmental





















































































































0H >10 WITH KOH
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pH <2 WITH HCI
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TABLE 7: Minimum detection Timits* for Detroit River samples, 1983
(information provided by Dr. K.L.E. Kaiser, NNRI).
 
APLE (Extracts) SURFICIAL SUSPENDED
PARAMETER (BULK WATER) PORE WATER SEDIMENT SEDIMENT MICROLAYER
Sampie Size 200 L TOO mL 10 g i g 100 mL
Extract Voiume 10 mL 1 mL TO mL 1 mL 1 mL
Units ng /L ng/L ng/kg ng/Kg ng/L
Dito—tetra 2x103 200x10: 200x103







aromatic 3 3 3
hydrocarbons° i.O ixiO 50x10 SOOXTO 200
* Conservative for many compounds (Factor 5) based on ieast sensitive
compounds. For some sampies, voiumes were reduced further to achieve
greater sensitivity.
° PNA volumes reduced by a factor of 10 for anaiyses.
The data indicated that significant amounts of industriai and persistent
organic compounds occur in aii compartments except air. The data are
discussed in terms of contaminant sources, pathways and sinks. Speciai trends
within the river and reiationships of contaminant groups within and between
compartments are aiso discussed. Typicai resuits of organic compounds,
inciuding PCBs, found in various compartments of the Detroit River study are
given in figure 8.
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The benthic nepheloid layer (BNL), which is an active zone extending above
the bottom sediments, is believed to play a significant role in the transport
of pollutants. Recently, increased interest has developed in the formation
and composition of BNL in the Great Lakes and its role in cycling of inorganic
.and organic contaminants. Baker et al. (l985) studied the dynamics and
composition of the BNL in western Lake Superior and found that it is enriched
in total PCBs and other halogenated hydrocarbons as presented in table 8. The









during the summer months.
The resuspension of suspended sediments, during
stratification, was probably the main contributing factor.
TABLE 8:
Nepheloid layer vs.
surface water characteristics at site l0






































































































































































































































Methods of concentration of PCBs in natural waters and air have been based
on enrichment of PCBs prior to analysis. The procedures for enrichment have
included liquid-liquid extraction, adsorption chromatography using various
adsorbents and steam distillation. Adsorption chromatography using XAD—type
resins has been a widely accepted technique for precipitation and air
samples. Extraction of water samples is more conveniently carried out by
liquid—liquid extraction.
Recently steam distillation has been proposed as an excellent method for
concentration of PCBs in water. The major advantage of steam distillation is
that the PCBs are not coextracted with other non—volatile interfering
substances which simplifies the subsequent cleanup steps. Furthermore, the
extraction is accomplished using a relatively small volume of solvent.
Solid samples require extraction with organic solvents. Soxhlet
extraction is usually employed using an azeotropic mixture of hexane/acetone.
Other solvents are also employed to extract PCBs from a wide variety of solid
materials such as fish, food products and sediments.
Saponification and direct extraction techniques are also employed for
certain types of samples such as biota, human tissue and other matrices.
Cleanup Techniques
Cleanup techniques are employed to separate interfering coextractants from
the initial sample extract prior to separation and quantitative analysis of
PCBs. Florisil, alumina and silica/gel/celite open—column chromatography are
most commonly used to separate PCBs from interfering substances. The cleanup
steps require careful preparation of chromatographic adsorbents and elution of
the column with precise volumes of solvents and/or solvent mixtures in order
to separate interfering substances from PCBs.
An appropriate fraction containing PCBs is then subjected to gas
chromatography for separation and resolution prior to quantitative analysis.
Separation of PCBs by Gas Chromatography
Until the late l970s, PCB compounds were separated using packed column
chromatography. Recently, significant advances have taken place in the
separation of PCBs. High resolution gas chromatography, using capillary
columns, is used to separate individual isomers in commercial PCB mixtures





















































(Oliver et al. l985).
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is carried out by injecting the final extract into a number of columns with
varying polarity. Other techniques for confirmation involve perchlorination,
dechlorination and gas chromatography—mass spectroscopy (GC—MS).
Factors Affecting Variability
Laboratory Variability: It is a commonly accepted fact that large variations
in results do occur between various laboratories carrying out PCB analyses. A
few examples of interlaboratory studies on determination of PCBs in
environmental and related samples are presented in tables 9 and lO. They show

















Federal Interdepartmental Committee on Pesticides (FICP) fish check
sample,
1978—85 average coefficient of variation obtained for PCB analysis





























































































































































































































































































































































































































determined and the individual person's bias for the sampling technique.
The incomparability of various data sets can easily be traced back to the




In the majority of National
Water Quality Monitoring
Networks,







precautions are not taken during sampling.
Many agencies, such as Environment
Canada's Water Quality Branch,
ensure that appropriate practices are followed









(1) sampling; . . ~
(2) operator's proficiency and method variability; and
(3) approaches for quantitation.
An integrated composite sampling is recommended to ininimize day—to—day
variation
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Manhattan College, Riverdale, New York
Perhaps models are the most contentious subject we will be discussing
today: some people are enamoured with them, some people make their living
using them, some people, like myself, make their living building them. I
would like to discuss with you what models really are and where we are in
terms of trying to understand the transport and fate of PCBs using models.
Models are nothing more than a synthesis of scientists' ideas and their
perception of how the world operates. When a scientist builds a model, we
start to criticize his or her perception of what is really important because
we can't handle all the complexities. It's just too hard to build a model
that is really as complicated as the conception that is in any one scientist's
head - never mind the general sweep of information that's out there. So
invariably, we criticize the model. I call it “first—order science.”
The next thing we need is a lot of data — hopefully good data to establish
the validity of the models. Without reliable data, we really can't be sure
that they are valid.
When we accomplish these tasks we can have some feeling that the models
are reasonable and can be used to make some projections. In the final step,
we return in ten years to see if, in fact, what we calculated more or less has
happened.
This scenario cannot yet be applied to PCBs, so I will review a modeling
effort on the Great Lakes which succeeded very well: the eutrophication
models which were built in the l970s.
In the late l960s and early l970s, there were as many theories of how
eutrophication influenced the biology of lakes and how chemistry and physics
(transport) influenced eutrophication as there were practitioners in the
business. It was quite confusing. By the end of the T9605, a consensus had
been reached on the need for modeling. An intense cooperation existed between
the United States scientists and the Canadian scientists to solve the problem
of eutrophication. The Canadians began their efforts first, by about three
years. They generated major sets of data on Lake Erie from l969 to l972, but
turned out to be inaccurate because of computer malfunctions in the data
retrieval systems. It took a few years for everything to become coordinated.
The early mass-balance modeling calculations (Project Hypo) came from the
Canadian rather than the U.S. side and they were fairly straightforward. It
wasn't until the late 19705, in response to the International Joint Commission
pressure to set phosphorous target levels, that we produced serious
calculations aimed at establishing target loads.
Real models always violate the geomorphology of lakes. . Since we can't
really handle complicated geometries, chemistries and biologies together, we
tend to use a few large segments. For example, we divide the lake into
45
   
 basins, each of which has an upper layer, lower layer and sediment layers, as
shown in figure l. This is the segmentation we used for the Lake Erie
dissolved—oxygen calculation.








































































































































































concentrations of nitrogen, as we go from west to east. The structure is
captured even though there is a fair amount of variabiiity.
Jr: ERIE CALiBRNION, 1970
EPILMNIJH
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 IAKL ERIE CENTRAL BASIN CALIBRATION
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FIGURE 4: Lake Erie centraI basin caIibration for dissoIved
oxygen and reIated variabIes.
EpiIimnion (Iefthand side); hypoIimnion (righthand side);
dissoIved oxygen, mg/L (top); pH (middIe); BOD5 (bottom).
No BOD5 hypoIimnion data avaiIabIe for I970; I967 data presented.
SymboIs: mean i deviation; Iines are computations.
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Finally, the real question with models is——do they work? Figure. 6
illustrates ten years of phosphorus loading data for Lake Erie.
Calculating
loads is an enormous task and it was taken on in l970 by the Buffalo District
of the United States Army Corps of Engineers.
One million dollars was spent
every year. The model was calibrated to the years l970, when the phosphorus
loading was about 20,000 metric tons/year. The l975 loadings, however, were
unusually low.









dramatically, mostly because of a point—source reduction;
the loading is
getting close to ll,000 metric tons.
If we consider the ll,000 metric
tons/year, most of the anoxic area in the central basin would be eliminated.
LAKE ERIE - CENTRAL BASIN HYPOLIMNION






















































































































































































 Figure 8 is a comparison of our model estimate of maximum area of anoxia.
The observed area of anox1a TS decreasing, which is as we predicted. This can
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FIGURE 8: Comparison of model predicted and l970 to l980 observed yearly
dissolved oxygen statistics — western, central and eastern basins of Lake Erie.
To build a toxic chemical model, several issues must be considered, such
as the interactions between sediments and overlying water, and between




















more important than others when we are dealing with particular chemicals; for
example, volatilization is important when we are dealing with PCBs, sorption
is important, as is particle transport. This is translated into mathematical
form. A segmentation is also done. We consider the lake as one large,
completely—mixed volume with three layers of sediment underneath, in order to
compute depth distribution of PCBs.
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iFigure l2 shows the PCB situation. We had an order of magnitude
uncertainty in loading estimates. We also didn't know the role of
volatilization, which is a big uncertainty. We ran the calculation, using
high and low loading estimates, with and without volatilization, to understand
how the model
behaves.
We also had some sediment data on each lake (figure
l3).
So, when the loading and the major loss routes are not known, our
ability to make calculations about what is going to happen in the future is
severely restricted.
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A similar model has been recently built and we are beginning to get better
calibrations to the tracers. In this model we used a much improved sorption
theory. Given the organic carbon content of a particle and the octanol—water
partition coefficient (KOW) of the chemical and the particle concentration
itself, one can predict partitioning over seven orders of magnitude. We have
congener specific PCB analyses, which allows us to look at individual
chemicals and collectively lots of chemicals.
We now have the ability to make measurements on a set of chemicals that
runs over two or three orders of magnitude in hydrophobicity. We can see
chemicals that are the analogues of dioxins and dibenzofurans. We can see
chemicals that are analogues of some of the pesticides that have been found.
We will have a spectrum of physical chemical data with which we can really
test these models. As a riﬂe—of—thumb for modeling, and perhaps for other
scientific endeavours, it is essential to do the problem three times. It is
probably only on the third time that it is accurate. We‘ve done the problem
once. We will see how well we do on the second time; by the third time, we
will hopefully be illustrating what a successful model looks like using PCBs.
LU t are Directions
One final point is the issue of variability. In computations made on PCBs
in Saginaw Bay, simulations were dOne as a function of time, the time variable
distribution of suspended solids and the time variable distribution of total
PCBs, both dissolved and particulate. Results show that both data and theory












































































































FIGURE l4: Total suspended solids as a function of time and the time




































The Saginaw Bay data (figure l5) is reproduced on log probability plots.
The dots represent suspended solids segment averages, plus or minus standard
deviation and the line is the probability plot of the model calculations.
When we look at the previous plot, it was difficult to tell
if the model was
really doing anything reasonable or not.
But according to the log probability
plots, the suspended solid simulation is really conVinCing.
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FIGURE l6: Total PCBs.
This is the status and potential for modeling. The same kind of
international cooperative venture that characterized the eutrophication days
needs to exist today. It was probably the most exciting time in Great Lakes
research. All the labs were involved—~Canadian and American. For those of us
who remember it, we should rekindle the role. We've paid for the Rolls Royce
-- we know how to do the PCB congener analysis, we invested in-field data
collection, infrastructures and modeling technology —— let's buy some
gasoline and get going.
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 5. ECOLOGICAL EFFECTS OF PCBS ON GREAT LAKES ECOSYSTEMS
DONALD C. McNAUGHT
Sea Grant College Program
University of Minnesota, St. Paul, Minnesota
Ecological Effects and Interpretation by Trophic Level
Phytoplankton:
Functional measures of the inhibition or stimulation by PCBs have focused
on survival and growth of algae and measurements of rates of photosynthesis
and nutrient uptake. Because we want to focus on interpreting Great Lakes
information on the effects of PCBs with regard to decision making, comparable
studies of gross primary productivity (GPP) will be emphasized.
Phytoplankton species from marine environments were shown to be less
competitive in the presence of PCBs (Powers et al. l977) and to exhibit
reduced gross primary productivity at l pg/L of this compound (O'Connors et
al. l978) in early, important conceptual studies. Glooschenko (l97l) brought
such techniques to the study of Great Lakes ecosystems. By the late l9705, it
was known that PCBs at concentrations of l pg/L reduced growth of
phytoplankton in Lake Ontario (Glooschenko and Glooschenko, l975). However,
such high levels of PCBs were not commOn to these large lakes and Wayland
Swain of U.S. Environmental Protection Agency requested that I undertake an
investigation examining ambient levels. This required the development of a
size-fractionation technique for phytoplankton.
Great Lakes food chains have their basis in nannoplankton less than
20 pm in diameter. Dichlorobiphenyl and hexachlorobiphenyl inhibited
nannoplankton GPP more than net plankton GPP (McNaught et al. l980).
Specifically, dichlorobiphenyl inhibited GPP by nannoplankton 4.3 times than
the net plankton photosynthesis (NPP). In examination of effects of
hexachlorobiphenyl, we discovered that intermediate hydroxylated metabolites
were more inhibitory than their parent congeners. Thus the Great Lakes, like
their marine counterparts, had nannoplankton production at the base of their
food chains threatened by PCBs. The effects of PCB were also modified by
light. At depths of greater than 2.5 m in turbid Saginaw Bay, PCBs commonly
stimulated GPP (McNaught et al. l980). This increase in GPP was likely
associated with a stress-induced increase in respiration, while NPP remained
constant (Lederman and Rhee, l982). NPP was never stimulated by PCBs.
Other congeners had similar effects. Pentachloro—biphenyl (lOO pg/L)
led to reductions in GPP and chlorophyll production and at lower
concentrations (lO pg/L) it was observed that small diatoms were most




















are adequate for understanding acute toxic effects. Evidence for reductions
of GPP at ambient levels is clear. Evidence for likely impacts on natural
systems is available. It appears that PCB levels in Saginaw Bay may reduce





large as 30% (McNaught et al. l980).
At the same time, other evidence shows
that PCBs reduce
growth rates (Lin and Simmons, l98l).
Thus, eVidence of
sublethal effects upon physiological






























































































































































































































































































































































































































 Birds and Mammals:
The most dramatic
effects of PCBs are linked to reproductive failures in
fish—eating birds. Information is usually derived from observation as well
as measurement of body burdens of PCBs and DDE.
Generally, the residue levels
of PCBs and DOE in bird eggs were highest in the Great Lakes basin, as opposed
to other parts of Canada (Vermeer and Peakall,
1977).
Levels in eggs were
correlated with low reproductive success of herring gulls and cormorants.
Winter starvation of such birds may have led to metabolism of fats and












involved reductions in shell thickness.
In the Great Lakes, nine of 13
fish-eating
birds showed decreases in shell thickness.
Reduction in shells
of mergansers was correlated with PCB levels (Faber and Hickey, 1973), while
DDE was more commonly implicated for most birds.






















contaminants in the lower Great Lakes do not affect reproductive success of
herring gulls (Mineau 1984).
Behaviours of birds may also be affected by PCBs, including less effective
defense of nests and abnormal incubation behaviour; again, these are
observations linked to correlative evidence.
Observations
on fish—eating bird colonies thus suggest chronic effects of
PCBs when




reproductive success and behavioural abnormalities.
Quality of Evidence for Decision Making
The effects of PCBs, both acute and chronic, on important components of









evidence on the effects of PCBs is not needed to enable jurisdictions to act
wisely to protect both ecosystem health and the health of small segments of
the public consuming large amounts of fish.
In attempting to understand impacts of future toxicants on Great Lakes
ecosystems, the literature surveyed by Fitchko (1985) which formed the basis
of this summary, strongly suggested that biologists must rely more strongly on
experimental techniques to study impacts. When we are left only with
observation, as is the case of many bird studies, we cannot separate the
effects of interacting contaminants, especially PCB and DDE.
Secondly, it is clear that researchers must do more work using ambient
levels of contaminants, as is the case of important fish studies (Berlin et
a1. 1981) and phytoplankton (McNaught et a1. 1980).
When ambient levels are
employed, effects need not be interpolated.
In assessing research progress, it is obvious we now understand the impact
of PCBs. The Council of Great Lakes Research Managers has selected a group of
Compounds commonly found in the waters and biota of the Great Lakes that had
been present for many years (more than 45 years) and predictably has been a
problem, based on previous studies of DDT and DDE.
61
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 6. HUMAN HEALTH EVALUATION — A NECESSARY CHALLENGE
HAROLD E.B. HUMPHREY, Ph.D.
Michigan Department of Public Health, Lansing, Michigan
The human population represents the final link in the ecosystem food chain
and therefore can be a receptor of chemical contaminants present in the
system. Improved ability to detect toxic contaminants has fueled interest in
the impact these substances may have on humans who consume water or fish from
the Great Lakes. Speculation on what these outcomes may be, the extent of
exposure and the degree of risk can dominate public thinking when there is no
contemporary data base on the human aspect of the problem. In the absence of
information, perceived or estimated risk is used as a rationale to drive
program priorities and resource allocations. These decisions could greatly
benefit from the availability of data on human exposure to contaminants in the
Great Lakes basin. The Science Advisory Board has recognized this as a
priority research area. Recently, the Science Advisory Board and Water
Quality Board agreed that development of an epidemiologic data base on human
consumption of fish was mutually desirable and necessary.
Many elements of Great Lakes research focus on the aquatic ecosystem.
Humans are also a component of this biological system. Fish consumption
places humans at the top of the aquatic food chain and water consumption
places them in intimate contact with the aqueous phase of this environment.
It follows, therefore, that our attempt to understand the dynamics of the
lakes must include the study of the human aspect of this ecosystem as well.
With respect to toxic substances, humans can represent a final repository for
persistent organic contaminants in the aquatic environment such as our case
example, PCB. Thus, research programs dedicated to evaluate the impact of
toxic substances on biological communities must include a focus and commitment
to study the human community. Otherwise, our understanding of the Great Lakes
ecosystem is incomplete. The human health aspect of Great Lakes research is
fundamental and necessary.
Understanding the relationship between humans and the Great Lakes is
important for a number of reasons; three of these also impact our society:
l. Disease Prevention: The cost of medical diagnosis and health care has
risen astronomically. Treatment of real or perceived illness represents



























































































































































































































































































































































































































































































































































































































































































































































































































































TABLE 2: Chemica1 contaminants detected in the serum of 572 fish—eaters
 
1981 study.
DETECTION Z OF COHORT CONCENTRATION (ppb)
COMPOUND LIMIT (ppb) C.V.%* ABOVE DETECTION RANGE MEDIAN
Tota1 PCB 3 9.71 99.1 <3—202.7 21.4
DDE 1 7.31 99.5 <1-425 3 21.7
Tota1 DDT 1 7.33 99.7 <1—512.6 26.4
PBB 1 5.21 67.1 <1- 33.1 1.8
HCB 1 20.83 3.3 <1— 3.2 (1
Beta BHC 1 — 18.4 <1— 4.8 <1
0xych1ordane 2 — 4.2 <2— 5.5 <2
Hept. epoxide 2 - 0.5 <2- 2.6 <2
Trans—nonach1or 1 — 45.3 <1- 12.1 <1
Die1drin 1 — 19.6 <1— 6.0 <1
Mirex 2 6.99 0.2 <2— 3.1 <2
*CVi = coefficient of variation
PCB, DDT and DOE, which are 1ipid so1ub1e compounds, were detectab1e in
near1y every fish—eater. These compounds were 1ess frequent1y detected in the
comparison group whose median concentrations of 6.6 parts per bi11ion (ppb),
10.5 ppb and 9 ppb respective1y, were significant1y lower than those of the
fish—eaters. Except for po1ybrominated bipheny1 (PBB), a contaminant unique
to Michigan, the other seven compounds were detectab1e 1ess than 50% of the
time in fish-eaters and se1dom in the comparisons. The median concentration
of PCB found in the comparison group is consistent with va1ues reported in
other studies of unexposed popu1ations (Humphrey 1983b; Kreiss et a1. 1982;
Kreiss 1985).
Ubiquitous sources of PCB contribute to a gradua1 increase in body burden
over a 1ifetime. Eva1uation of serum PCB 1eve1s in a rura1 popu1ation with no
specific source of exposure showed that 65—70 year oids had mean 1eve1s three
times those of one to 19 year o1ds (Kreiss et a1. 1982). Regu1ar exposure to
a known source of PCB (fish) adds to this base1ine 1eve1, as shown by the
e1evated serum concentrations reported for the fish-eaters above. These
additiona1 body burdens are retained for decades. The corre1ation between
serum concentrations and quantity of fish eaten and duration (years) of
regu1ar sport-caught fish consumption show that these are significant factors
contributing to increased serum 1eve1s and, according1y, 1ifetime body burdens.
Regu1ar consumption of contaminated fish not on1y increases an
individua1's base1ine body burden of PCB and its toxic congeners, but each
mea1 a1so causes a temporary rise in the b1ood serum concentration of these
toxic substances. B1ood specimens were co11ected from 20 vo1unteers prior to
consumption and at 4, 6, 24, 48 and 168 hours after eating a ha1f-pound,
pan—fried fish. Fo11owing the mea1, serum PCB Teve1s immediate1y rose, peaked
within ten hours and gradua11y dec1ined, returning to the pre—mea1 base1ine
1eve1 over the next seven days.
Thus, a contaminated fish dinner resu1ts in a 1arge temporary e1evation of-
circulating 1eve1s of the toxic substances. The magnitude of change was




PCB concentrations following the meal also reached higher levels in persons
who regularly eat fish than in the comparison persons who never ate these
fish. The data indicate that regular consumers of contaminated fish receive
repeated dose spikes significantly above their baseline. The long—term










evaluation of the PCB mixture in serum. In the l98l study, the laboratory
quantitated PCBs using a temperature programmed gas chromatograph technique
and the Webb and McCall (l972) isomer identification method.
This approach
improved the separation of PCBs and DDT and avoided inflated PCB values,
which






















































































(p<0.00l) higher than those for the comparison group.
LEGEND
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Each of the PCB e1ution peaks contain one or more PCB homologs. Some of
the specific PCB congeners which are present and are major components in these
e1ution peaks have been identified (No1ff et a1. 1982; Webb and McCall, 1972)
and the toxicological properties for a number of the PCB congeners associated
with these homologs evaluated (Safe et a1. 1985; Safe 1984; Aust et a1.
1981). Table 3 identifies the seven e1ution peaks which constitute the major
proportion of the total PCB quantified in human serum. Each of these peaks
has at least one identified congener component for which the toxicological
properties have been evaluated. As shown, the major proportion of‘ the PCB
mixture found in human serum contains more highly chlorinated PCB congeners
which possess cytotoxic, enzyme induction or tumor promotion toxicological
characteristics. The transfer of these toxic forms of PCB from the
environment to humans is enhanced through consumption of contaminated fish.
TABLE 3: Toxicity of several PCB congeners associated with
prominent Aroclor 1260 peaks found in human sera.
15:13. 12m...
174 2 3 4 2' 4' 5' Cytotoxic]
146 2 4 5 2' 4' 5' Tumor promotor and PB Inducer
125 2 4 5 3' 4' Cytotoxic 2 and mixed inducer
203 2 3 4 2' 3' 4‘ Mixed inducer
232, 244 2 3 4 5 3' 4' Cytotoxic 3 and mixed inducer
1 Safe 1984; 2 Safe et a1. 1985; and 3Aust et a1. 1981.






















This is especially important for a persistent lipophilic compound such as PCB
because we know that female body burdens cross the placenta and expose the
unborn, and appear in breast milk which can expose the newborn child (Eyster

















persistence in humans provides for the continuous internal exposure of target































































































































































































































































































 study provides a unique opportunity to address these questions concerning
human health effects from exposure to these toxic substances. Continued
observation and data collection from a population group such as this will
build the data bases necessary for verification of risk estimates, for more
precise administrative decisions, for a perspective upon which to prioritize
environmental contamination problems and for more accurate public information
and advice. Although a challenge, collection of information on the human
aspect is both necessary and desirable if we are to truly understand the
significance of toxic contaminants in our Great Lakes.
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 7. EVERYBODY'S BACKYARD
STEVEN SHRYBMAN
Canadian Environmental Law Association, Toronto, Ontario
An understanding of the causes and character of the crisis in public
confidence that attends the PCB issue can help us to devise more effective
ways for addressing the problem. A review of the events and circumstances
that have created the PCB imbroglio suggests that any effective management
strategy must be comprised of more than a scientific understanding of the
properties of the substance, the technological capability to dispose of it or
regulatory mechanisms to ensure remedial action. It must also understand the
social and political context within which any initiative will have to proceed.
Perhaps the most significant feature of this social climate is the dirth
of substantive information about PCBs that is actually available to the lay
public. Notwithstanding an extremely high media and political profile, public
response to PCB issues and incidents seem at times to be entirely out of
proportion to a dispassionate assessment of the matter or event. Part of the
explanation of this phenomenon may lie with the traditional and somewhat
paternalistic approaches to the problem that have been adopted in the past.
This suggests that if past mistakes are to be avoided, a new and proactive
approach that seeks to inform the public and engage the community's interest
may be in order. If we are all to recognize the collective character of the
problem and accept some measure of responsibility for addressing it, then we
must be given the authority to make the difficult decisions involved and the
information that would allow our judgement to be an informed and intelligent
one.
SOCIAL AND ECONOMIC CONSIDERATIONS
I am here to discuss, from an historical perspective, the social and
economic dimensions of the PCB imbroglio by briefly considering the events
that have led us from the introduction of this substance in l929 to the
predicament that we find ourselves in today. Some lessons will be identified
that might be learned from our experience with this substance. The word
"social" in this context means the character of public attitudes and the
nature of societal responses to PCB—related issues. An historical overview
can provide an important and useful perspective for developing appropriate
strategies for addressing the PCB problem in the future.



















































































































































































From this perspective, let me briefly sketch the evaluation of the PCB
problem through three phases:
.° The first phase is problem identification and regulation. This refers to
the scientific identification and assessment of the problem, and taking
the initial steps to develop regulatory mechanisms for addressing it. In
this regard, it is interesting to note that it took us almost 40 years to
identify PCBs as an environmental problem. From the introduction of PCBs
in 1929, it was not until l968 that we had generally accepted evidence
that PCBs were a persistent and ubiquitous environmental contaminant with
some very negative implicatiOns for our ecology and health. It was
another nine years, to 1977, before the first regulatory step was taken in
Canada to control the virtually unregulated release of PCB materials into
the environment. Another decade is about to pass and there is yet a great
deal more scientific work and investigation to be undertaken. This will,
in turn, yield further regulatory initiatives. Using United States'
experience as a guide, when diSposal facilities are available, we will
probably want to pass regulations in Canada that force disposal of PCBs
removed from service. There is clearly a lot more on our agenda in this
regard.
 
° The second major dimension of the PCB problem concerns the technical and
economic obstacles to be overcome in order to satisfactorily deal with the
problem. In this regard, it should be noted that just ten years ago we
didn't have the means at hand to dispose of PCB materials. Since that
time, however, a number of initiatives have brought forward technologies
capable of destroying PCBs with a considerable measure of efficiency. In
some cases, this has meant the adaption of known technologies, for
example, high-temperature incinerators. On other occasions, the process
of identifying an elegant solution to the problem has meant the
development of new technological approaches. One example of these
approaches involves the reduction of PCBs to superheated plasma that
results in the molecular disassociation of the PCB material.
Another has
been developed to destroy low—level contaminated PCB mineral oils and
involves chemical treatment processes
that appear to be quite effective
in reducing PCB—contaminated oils to sludge, salt and reusable oil.
This
type of facility has been operating in the United States for several years
and on a trial basis in Canada.
It may be that the technological barriers
to effective PCB disposal have largely been overcome.





equipment that may still
have a
useful life of some 30 to 40 years.
































































































































   
The third major dimension of the PCB problem concerns the social aspect.
There is a great deal of public anxiety about PCBs that most readily
translates into a reluctance to accept the risks associated with any
disposal initiative. This anxiety is attended by what some have described
as a virtual crisis in public confidence in the efficacy of laws and
regulations intended to safeguard public health and protect the
environment. It would also be fair to say that there is no other
substance, including many of greater toxicity, that can create the alarm
that PCBs readily generate.
It is not uncommon at CELA to receive calls from people whose reaction to
a local PCB incident is utterly out of proportion with regard to the
seriousness of the event. In response to a modest spill of contaminated
oil, which has been contained and cleaned up, a caller will insist on
having everyone's blood from the neighbourhood tested. Another recent
incident involved sewage treatment plant workers who refused to work,
claiming it was unsafe because of newspaper accounts concerning the
release of modestly contaminated water to the sewage system in the order
of parts per trillion before dilution.
There are several factors that may serve to explain the dubious
distinction PCBs have as 'Toxic Enemy Number One' in the public's perception.
They are persistent and ubiquitous. They also have tendency to bioaccumulate
in living organisms. In addition, several dramatic events have fueled public
interest and concern. One of the most recent and dramatic concerned the
Beluga whales dying in the St. Lawrence River, contaminated with levels of
PCBs that are utterly fantastic —— 575parts per million (ppm) in the fatty
tissue and as high as 1,750 ppm in the milk. This is clearly staggering when
one considers that at 50 ppm a material is considered PCB waste. If the
Transnortation of Dangerous Drugs Act applied to these mammals, they would be
operating illegally.
Another factor that has contributed to the notoriety of PCBs is the
difficulty of remedial action. By comparison, it was relatively easy to rid
ourselves of DDT. A further difficulty is the fact that PCBs are everywhere.
Not only is it ubiquitous in the environment, but it is also present in
virtually every building and neighbourhood. Consequently, we are continually
reminded of PCBs and there are daily incidents to provoke concern and media
coverage.
Finally, another factor that has heightened public anxiety concerns a
number of initiatives, ironically designed to address the problem, that












































































































































































From our experience with PCBs several lessons may be learned. The first
is that a great deal more care must be taken in introdUCing potentially
problematic substances into our environment. Our experience with PCBs offers
a great illustration of how not to go about things. Second, a great deal more
public education is warranted. It's clear that from the tenor of public
reaction and the character of media coverage, people have very little accurate
information about this substance. Thus, there is no practical way for people
in the community to distinguish between contaminated oil at 3/l00th of one
percent PCB material and askarel. A strong argument can be made in favour of
an aggressive campaign of public education before the next crisis arises.
Waiting for another accident, fire, or spill, is choosing the very worst
environment in which to try to educate people with regard to the risks of PCBs.
Equally disadvantageous in timing is trying to inform people after their
community is chosen as a waste disposal or storage site. Such an announcement
often provokes a crisis in the community so that anything government officials
and scientists say in this context is regarded, not unjustifiably, as being
little more than a self—serving effort to downplay the impacts associated with
PCBs. Our traditional and somewhat paternalistic approaches to dealing with
technical issues don't seem to be working as well now as they used to. "Trust
us“ as an approach to public concern isn't really going to pass muster any
longer.
It is essential that we make every effort to inform people now, so
that when an accident or spill does occur, we won't be complaining that public
responses are mis— or ill-informed, an inevitability given the dirth of
information presently available to the public at large.
 
The third lesson is that there is probably, in terms of PCB disposal, no
quick fix no matter how appealing
the solution.
Proceeding too quickly can






is the recognition that our interests,
our collective interest as a society in this issue,



























is that the scientific community is expected to deliver
a great deal more certainty than it is capable of.





































































































































8. A BRIEF OVERVIEW OF PCB REGULATION IN THE UNITED STATES
NITH PARTICULAR REFERENCE TO THE GREAT LAKES STATES
KARL E. BREMER
U.S. Environmental Protection Agency, Chicago, Illinois
W
The Yusho incident that occurred in Japan in 1968 created considerable
concern in the United States over possible contamination of food by PCBs.
This single incident resulted in surveillance, analysis and the initiation of
government regulation of PCBs. The United States Food and Drug Administration
(FDA) started routine food sampling for PCBs in l969 and found that PCBs were
present in fish from the Great Lakes, in milk as a result of the use of PCBs
as a solvent in pesticide sprays and as a component of sealants used in farm
silos and in chickens from PCBs introduced into the feed as a component of
ground bread cartons and wrappers. It is now apparent that PCBs have been
present in fish since at least 1964, although they were not identified as the
cause of the problem until l97l.
The FDA established temporary tolerance levels for PCBs from l969 through
l97l at 0.2 mg/L in milk, 5 mg/kg in edible flesh of fish, 5 mg/kg in poultry
and 0.5 mg/kg in eggs. In 1970, the FDA prepared a summary of available
information on the chemistry and toxicity of PCBs and published a notice of
proposed rule—making in l972. The FDA formally established limits for PCBs in
food and animal feed in T973 and proposed a revision of these limits in l977.
During l970, the Council on Environmental Quality (CEQ) studied regulatory
approaches to the problem of toxic chemicals in the environment. In its 1971
report, “Toxic Substances,” CEQ identified PCBs as a major problem. The
initial response of responsible agencies was to establish a task force to
review the available information on PCBs and recommend regulatory alternatives.
In T973 and l974, the U.S. Environmental Protection Agency (U S. EPA)
proposed the establishment of water quality criteria for PCBs in industrial
discharges as a part of a program for establishing such criteria for a larger
group of pesticides. However, PCBs were not covered in the effluent standards
until l977.


























































mid—l970s and the final report published in 1977 recommended that the
allowable concentration of PCBs in the workplace be reduced.




















































EPA to establish labeling and disposal requirements for PCBs and mandated an
eventual ban on the manufacture and processing of PCBs. This provision was
incorporated into TSCA as Section 6(e), became a requirement when TSCA was
signed into law October ll, l976 and became effective January l, l977.
Section 6(9) of the Act required EPA to establish rules governing the
marking and disposal of PCBs and prohibited, with certain exceptions, the
manufacture, processing, distribution and non—totally enclosed use of PCBs.
EPA issued marking and disposal rules in February l978 and issued PCB ban
rules May 3l, l979.
The agency's PCB marking rules require that PCB containers, transformers,
large high—voltage capacitors and various other PCB—containing items be marked
with a federal PCB label, rather than just the manufacturer's label, to ensure
that persons handling, transporting and disposing of them are aware that they
are subject to the TSCA rules governing processing, distribution, use and
disposal. Under certain circumstances, vehicles transporting PCBs also must
be marked.





chemical waste landfills, or in certain cases high—efficiency boilers with a
PCB-destruction efficiency of 99.9 percent.
For some large—volume materials
that may occasionally be contaminated with PCBs, such as dredge spoil and










included in EPA rules.
Several






































































































































































































































































Since the PCB regulations became effective in July l979, the EPA has
performed over 2,000 PCB inspections of facilities in the Great Lakes states
to ensure that the regulations on use, storage, disposal, marking and
record—keeping are followed.
Electric utilities, municipals and cooperatives, as well as 65 other
standard industrial classifications, comprise a list of approximately 8,000
operations in the Great Lakes states alone that are possible candidates for
inspections.
Specific inspection sites are chosen at random from the 65 classifications
and are based on:
- Records of past purchases of PCBs;
— Possible use of PCBs because of the nature of the industry;
— Referrals by known or anonymous sources;
— Reported mishandling or abuses of PCBs;
- Spill history; and
— Requests for investigation by state, headquarters,
interagency groups or the Great Lakes National Program
Office.
In the U.S., four possible alternative actions are taken following a PCB
inspection. These include:
1. A letter of compliance — indicates that a facility has not met all
requirements of the PCB regulation with respect to a given site.
2. A notice of noncompliance — indicates that a facility was observed
to have minor infractions of the PCB regulation.
3. A civil administrative complaint - a legal action based on
violation of the PCB regulation resulting in a proposed penalty.
4. A criminal procedure — used in extreme cases when there have been
blatant infractions and total disregard for the regulation.
From 1978—1985, the PCB enforcement program in the U.S. resulted in the




















facilities penalized, 403 or 36% were located in the Great Lakes states
represented by New York, Ohio, Indiana, Michigan, Illinois, Wisconsin and
Minnesota.
The most important part of the U.S. PCB control program and more
specifically, the control program in the Great Lakes states, has been the use
of landmark PCB cases as examples to industry that these regulations are to be


























































































 9. MANAGEMENT AND REMEDIAL MEASURES
D. J. PASCOE
Environment Canada, Toronto, Ontario
This paper presents the Canadian PCB action plan, developed
cooperatively
by federal and provincial governments in 1985. The plan is in reaction to
shortcomings experienced in the overall management of PCBs, specifically those
related to its transportation. Significant aspects of the management of PCB
are dealt with, including the existing regulatory programs. The influence
that research has played in the development of the existing PCB programs and
the requirements for future research are also discussed.
In April l985, a shipment of PCBs travelling by road from Quebec to a
storage facility in Alberta developed a leak. Before the transport trailer
(on which the load was being carried) could be stopped, approximately 400
litres had been spilled over lOO Kilometers of a major highway in northern
Ontario. A multitude of departments from all levels of government became
involved in responding to the situation. This spill, now Known as the “Kenora
incident,” was highly publicized because it happened in the first place and
because of apparent inadequate response to it.
The following two paragraphs, taken from the “The PCB Situation in
Canada,” Environmental Protection Service, September l985, exemplify the
problem facing all regulatory agencies as a result of such spills.
The process of minimizing and ultimately eliminating PCB
contamination in the Canadian environment is under way. The
technology exists to handle, store and destroy PCBs safely.
Regulations are in place and statutory authority is available. In
practice, however, the process is not under control. Administrative
shortcomings in the government and private sectors, and inadequate
public education appear to be at the root of the difficulty being
experienced in PCB management in Canada.
A critical shortage of good storage space for PCB wastes arose as
many storage sites were filled to capacity and no provision was made
for additional safe storage. Interprovincial transport of PCB waste,
sometimes over thousands of miles, was permitted, but not carefully
managed. There was failure to convince the public of the safety of
disposal facilities and consequently there is no PCB disposal
facility in operation. The degree of control and cooperation between
governments that is necessary to achieve sound management of PCBs was
never fully achieved. Inevitably significant spills occurred, most
of them avoidable. Lack of sound management was indicated by the
reaction of authorities to the Kenora incident and the need for
better coordinated management of PCBs in Canada was reinforced.
Continued storage of PCBs in the absence of suitable destruction
facilities is not a sound management scheme.
Although this is a somewhat damning indictment of control agencies,
the Kenora incident did act as a catalyst for governments to JOlntly

















































































































































































































































































































































































































































































































































































































































































































































































































































March l, 1977; and
(iii) use in equipment designed to destroy PCB.
80
 
 The regulation prohibited the new use or import of any equipment, other
than electrical, after September l, l977.
PCB Regulation No. l and the amendment to that regulation, published in
July 1980, achieved the following:
0
The use of PCBs as a constituent of any product, machinery or
equ1pment manufactured in or imported into Canada was banned.
The use of PCBs in the servicing of any product, machinery or
eqUipment other than electromagnets, electrical transformers and
assoc1ated electrical equipment was banned.
° The use of PCBs as a new filling or make-up fluid in the
serviCing or maintenance of any electromagnet, electrical
transformer or associated electrical equipment was banned.
The use of PCBs in electromagnets that are used to handle food,
animal feed or anything intended to be added to food or animal
feed was banned.
Two further ECA regulations, PCB Regulations No. 2 and 3, came into force
in l985. PCB Regulation No. 2 prohibits the import, manufacture or sale of
equipment designed to use PCBs and containing PCB in a concentratiOn greater
than 50 parts per million (ppm). The regulation is intended to accelerate the
phasing out of PCB—containing equipment and, because sales are prohibited, to
minimize the potential for spills during the transportation of equipment from
one site to another.
PCB Regulation No. 3 prevents the release of PCB to the environment. The
regulation makes it an offence to willfully release or permit the release of
PCBs into the environment in a quantity greater than one gram per day from the
operation, servicing, maintenance, transportation or storage of any one piece
or any one package of: electrical transformers and capacitors,
electromagnets, heat transfer equipment, vapour diffusion pumps and hydraulic




























































































































































































































































































































































































































































































































































contribute to the overall management of PCB. In l977, an inventory system was

















size, fluid volume, etc. of PCB—containing equipment. Each piece of equipment
has been labelled with a serialized label, which is recorded in the
inventory. Although the labelling program was initially directed solely at
equipment designed to use PCB and thus containing PCB in concentrations at the
70% range, it has now been extended to include equipment not designed to use
PCB but whose fluid has become contaminated with PCB at the ppm range.
As well as providing valuable information for fire departments and other
emergency services, the inventory is used to Keep track of the movement of
equipment and its removal from service. Ultimately all of the PCB fluid will
have to be disposed of and, until such disposal facilities are available in
Canada, the fluid will continue to be monitored to ensure that it does not “go
astray” before it is properly disposed.
A federal interdepartmental inspection program was established in l982.
It requires that all PCB—containing equipment at federally inspected
facilities be inspected to ensure it is properly maintained and is not posing
an environmental or human health risk.
The program relies on inspectors who are visiting facilities while
carrying out their primary federal responsibilities (for example, Agriculture
Canada inspectors visit food—processing industries to ensure safe practices
and at the same time look at PCB equipment). Canadian departments involved in
the program include: Health and Welfare, Fisheries and Oceans, Agriculture
and the Grain Commission. This program is in place across the country and is
in the process of being expanded to include other nonfederal agencies whose
networks of inspectors can also be used to inspect PCB equipment.
THE PCB ACTION PLAN
. . As indicated earlier, the PCB action plan is a joint federal—provincial
initiative to address specific concerns in PCB management. The individual





Technology Assessment and Development
The problem facing all regulatory agencies is the disposal of PCB now
in service or in storage and the interim management of it until
disposal faCilities are available.
The PCB inventory (data summary below) reveals a requirement for the
ultimate disposal of 20,400 tonnes of PCB in Canada. This total does
not include the fluid that has been contaminated with PCB at low
levels (ppm levels); it is solely the high level PCB fluid normally
found in equipment designed to operate using PCB.
Ontario Caﬂada
Amount of PCB in use (tonnes) 7,4l4 14,852
Amount of PCB in storage (tonnes) 752 5,547
Amount of PCB for ultimate disposal (tonnes) 8,l66 20,399
(total of PCB in use and in storage)
The technology for destruction of PCBs already exists and has been
operating in other countries for a number of years. The most
effective method of destroying PCBs is to burn them in high
temperature incinerators; however, the disadvantages of permanent
facilities with the attendant difficulties of spills during the
transportation of wastes and public opposition have led to the use of




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































With the passage of regulations under the Transportation of Dangerous
Goods Act (TDGA), a significant step has already been taken to
control the interprovincial and international transportation of
PCBs. The provinces will be enacting or have already enacted their
own regulations to control interprovincial transport. All provinces
are expected to have legislation implementing the requirements of the
federal TDGA within their jurisdictions by February 1986. Two
projects are being conducted under this heading of the PCB action
plan:
- an evaluation of the extent to which the prov‘
the TDGA regulations or provincial eauiva‘ents
ces will adopt
C 2 r E



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 — the preparation of a report on options for PCB phaseout,
including costs and time schedules, attrition times for
different types of controls and economic cost analysis (by
31/12/85).
(ix) Environmental Liability Insurance
The subject of liability insurance, although discussed at some
length, has not been addressed in Canada to the same extent as it has
been in other countries. The development of provincial legislation
(notably Ontario's proposed “Spills Bill“) has met with considerable
controversy regarding liability and liability insurance for spill
cleanup and environmental damage. A study of the situation as it
exists in this and other countries is required and is encompassed by
the following project:
— the preparation of" a status report on environmental liability
insurance (by Ol/O9/86).
Through the PCB action plan, the federal and provincial governments
are working cooperatively to deal with and ultimately eliminate
PCBs. The majority of tasks in the PCB action plan are scheduled for
completion by the end of l986. The governments are focusing on the
establishment of a national system of destruction facilities for
PCBs; the implementation of a uniform system for their
transportation; the development of environmental quality objectives
and national standards; the prevention of PCB spills and the greater
exchange of information.
RESEARCH
The theme of this workshop is research. There are many examples of how
research has motivated the existing PCB control program and there are also a
number of situations where additional research is necessary to address
existing problems. The following summarizes research related issues broken
down into past research activities, and present and future research needs.
Past Research
— Canadian environmental research indicated controls were necessary.










































































Research was conducted on the relative dangers of different types of PCBs





and in fires have
been studied to determine the potential hazards and risks posed by various
situations.
















































































































































































































































































































































































































































































appreciable task remains ahead if the goals of the PCB action plan are to be
fulfilled.
The bulk of the present and future research
needs is associated
with the development and implementation of controls; this is in contrast to
past research, which has been directed primarily at determining environmental
levels and health and environmental effects.
This new, concerted effort by governments,
as exemplified by the PCB
action plan, is taken as a commitment to resolving the PCB management issue









 N O R K G R 0 U P S E S S I 0 N S
INTRODUCTORY REMARKS
L. KEITH BULEN
Commissioner, U.S. Section, International Joint Commission (IJC)
Good morning! I would like to add a few welcoming remarks to those given
yesterday by Chairman Bissonnette and also the remarks that will be extended
later by Chairman McEwen.
I am grateful that many of you here are members of the Commission family.
I realize that there are not many draftees in this family; they are all
volunteers and voluntaryism on the part of experts such as yourselves is what
has made the Commission so successful. I know all of you strive both
professionally and personally to operate in the finest tradition of the
Commission's 75—year history and we truly appreciate your commitment.
The reason that we commissioners are here at the first meeting of the
Council, is to ensure that it be launched well with our support. We have a
great sense of hope and utilitarian optimism about what you are about to
undertake and I trust that these feelings will be underscored by some of the
remarks I am going to make here today.
Although all the commissioners have come to this seminar, it seems to me
that in view of the high water levels in the lakes, we would be better
spending our time out there laying sand bags around the perimeter of the Great
Lakes. With the first nor'easter that comes along, I think that we are going
to find the surface area of the lakes temporarily doubled quite suddenly.
Unfortunately, many of the inhabitants think that fluctuating levels are due
to some sinister plot of the Commission, devised to create disasters. I might
add that I was greatly relieved not to find a "Welcome IJC” sign on the
marquee in front of the Holiday Inn. I slept better knowing that nobody knew
we were here.
In reference to attending seminars, I feel that sometimes we can do more
harm than good. This seminar, however, can do a great deal of good and I
assure you of your welcome here today. Particularly, I welcome the members of
the new Council of Great Lakes Research managers to our unique IJC family.
The Great Lakes Water Quality Board and the Science Advisory Board, as well as
the dozens of subcommittees and related groups directly associated with the
l978 Great Lakes Water Quality Agreement are important to our continent. But
as important as these Agreement affiliates are, we must be aware that the
total concerns of the Commission extend to many other affairs between Canada
and the United States.
A goal that I have been pursuing is that all boards and committees under
the IJC umbrella be coordinated, where appropriate, to bring the total
resources and attention of the IJC to bear on certain major complicated issues
having ecological overtones for our two nations. As we know, pollution








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 The general issue of Great Lakes research was rather traumatically called
to my attention in l98l in a draft report prepared by the Science Advisory
Board. Subsequently, at a preliminary meeting to review this report, the
Board expressed grave concern over rumored and proposed United States budget
cuts related to Great Lakes research. I listened attentively to understand
the exact nature and effects of the so—called cuts that had outraged many of
the Board members. I listened and hoped for some indication that their
concern was based on an analysis of the existing research in the Great Lakes
basin and the specific impact which certain proposed cuts would have on the
effectiveness of Great Lakes research.
I began to press for details that would assist me to convince others that
the United States research budget cuts would indeed undermine the spirit and
perhaps the letter of the l978 Great Lakes Water Quality Agreement, as well as
endanger the present and future quality of life for tens—of—millions of North
Americans. Before going further, I would like to assure you that after more
than four years as a Commissioner, I now know generally what PCBs are and a
little something about the controversy that has surrounded their effects on
living organisms, including man. I have learned too the names of a number of
other exotic chemicals and their proven or alleged effects on the health of
aquatic systems and their carcinogenic effects on the human population. I can
now unstutteringly, after multiple martinis, work into even the most casual of
conversations, the names of a couple of polynuclear aromatic hydrocarbons, but
I am and will continue to be a layman.
Although a layman in terms of scientific research questions, I am somewhat
more than that when it comes to understanding the kind of evidence that it
takes to convince elected or appointed officials what they should be sensitive
to and act upon. The availability of this kind of evidence would have been
preferable to the general alarm which was sounded in certain quarters of the
Great Lakes research community in l98l.
I think that elected officials have the right to expect that those who
oppose and criticize them have an understanding of the way in which a
political system works. Few seem to recognize that the proposed budget cuts
at that time were just that, proposed. Moreover, many of those proposed cuts
had been suggested by previous administrations, with the expectation or
understanding that Congress would reinstate some, if not all of them.
Nevertheless, I felt that some of the criticisms had merit. As a protagonist,
however, I needed to assure myself before I could hope to assure others that
these concerns were warranted.
I proceeded to pose a number of what, to me, were basic questions of the
Science Advisory Board members at that time. First, was there an inventory of
research projects and/or resources committed to research both in the United
States and Canada, maintained singularly or jointly, that could give us an
idea of what was ongoing, had been ongoing or should be ongoing? If such an
inventory existed, had anyone scrutinized it for duplication, overlapping or
the possibility of combining or coordinating efforts? Did anyone know what
level of research has been carried on, not just by the Parties, but by the
jurisdictions, namely the eight Great Lakes states and the provinces of
Ontario and Quebec? Did anyone know what kind of research was being
undertaken by federal/state/provincial agencies or by private foundations,.
universities and colleges inside the basin? What research related to Great
Lakes concerns was being accomplished outside the basin? And finally, was


































































































































































































































































































































































































































TO. WORK GROUP ON SOURCES AND ENVIRONMENTAL MEASUREMENTS
DAVID EDGINGTON, Chairman
Center for Great Lakes Studies
University of Wisconsin, Milwaukee, Wisconsin
The Work Group on Sources and Environmental Measurements reviewed the
information presented at this workshop on sources, measurements,
characterization and modeling of PCBs. Based on this information and on the
specific and general experiences of the members of the Work Group, they
developed the following conclusions and recommendations:
l. Sources:
° There are no adequate jurisdictional programs for the systematic
measurement of atmospheric and tributary inputs of PCBs into the
Great Lakes. There is a need for better estimates of PCB inputs from
all sources into the Great Lakes basin.
2. Measurements:
° Most of PCB analyses made before l983 were imprecise. They measured
PCBs as a group and did not identify individual congeners. With the
exception of gross-loading evaluations, these data will be useless in
assessing environmental or health problems related to individual
congeners or specific mixtures of these congeners.
Presently, there is a limited capacity, in terms of trained personnel
and facilities, for measuring a large number of trace organics in
environmental samples. Each year, approximately l,OOO samples are
being analysed in the United States and Canada with adequate quality
assurance. This capacity may be diminished by approximately 25
percent due to imposed budgetary constraints. Also, technically
advanced facilities suitable for measuring extremely toxic chemicals
are few. Therefore, some dioxin samples are currently being sent to
overseas countries, such as Sweden, for analysis.
Based on the above, the Work Group contends that there is a need for
conducting an inventory of the capacity of measuring trace organics
in the Great Lakes and the identification of facilities capable of
measuring exotic or highly toxic chemicals. Also, to be
cost—effective, the Work Group recommends that the number of
monitoring stations for surveillance be limited and the selected
fewer stations be monitored sufficiently at the right time.
Furthermore, the Work Group recommends a higher standard of quality
control for all monitoring done for the purposes of surveillance
and/or research.
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 1]. WORK GROUP ON EXPOSURE AND EFFECTS
ANDREW ROBERTSON, Chairman
National Oceanic and Atmospheric Administration,
Rockville, Maryland
In addition to reviewing information on exposure and effects of PCBs, this
Work Group also suggested mechanisms for enhancing dissemination of research
information and facilitating research coordination. The conclusions and
recommendations developed by this workgroup are as follows:
l. Exposure
0
Large numbers of industries and high densities of human populations
surround the Great Lakes and utilize their resources. Therefore, the
sources of contaminants in the basin are numerous and the routes of
exposure to these contaminants are many. While the major routes of
exposure to aquatic organisms and wildlife are water, sediment and
the food chain, the major pathways for human exposure include air,
drinking water, soil, food and consumer products.
Until recently, most research efforts had been focusing on the
detection of toxic chemicals and the measurement of their
concentrations in various environmental media. Very little effort,
however, was expended on the study of exposure levels and assessing
their significance. It is now evident that more research effort
should be expended on the study of levels of exposure to persistent
toxic chemicals and identification of the routes that contribute the
highest levels of exposure.
2. Effects
° Persistent toxic chemicals, including PCBs, could be detrimental to
ecosystem health. The nature and magnitude of the deletirious effect
usually depend on the properties of the chemical as well as on the
dosage (i e. concentration and period of exposure). While a
significant amount of research had been expended on the study of
toxicological effects of individual chemicals on a limited number of
species in the laboratory, a few investigated studies of effects of
chemical mixtures and their effects on groups of organisms or
populations exposed to ambient concentration levels under prevailing
environmental conditions.
 
While laboratory tests are considered essential for understanding how
certain chemicals affect specific biological systems, well planned
field studies can provide a more realistic assessment of the
potential effects of these chemicals on the health of the ecosystem.
Field studies will reflect the ultimate effects of a multitude of

































































































































































































































































































































 12. REPORT OF THE MANAGEMENT AND REMEDIAL MEASURES WORK GROUP
(including Social and Economic Considerations)
SUMMARY AND RECOMMENDATIONS
GEORGE FRANCIS, Chairman
Faculty of Environmental Studies, University of Waterloo, waterloo, Ontario
The work group on Management and Remedial Measures addressed several
topics related to Great Lakes research. The following are their conclusions
1 and recommendations:
4 l. Management and Remedial Measures
Effective remedial action plans and implementation strategies require
close collaboration among managers, scientists and the public. The Green
Bay experience is a good example of such collaboration and is worthy of
careful examination. This experience provides an opportunity to conduct
similar pilot studies at other selected sites such as the Hamilton Harbour
and the Grand Calumet River. The results of these studies should be
monitored and evaluated for the social-learning processes inherent in them
and analysed with reference to the Green Bay experience.
The work group recommends that knowledge gained from such experiences
should be used to develop site—specific remedial action plans for the 42
"Areas of Concern” identified by the Water Quality Board.
2. Public Perceptions and Decision—Making
The role of the media is crucial for any changes or improvements in
relating science to its larger societal context. Meanwhile, research
scientists will increasingly have to learn how to communicate more
effectively with the general public.
Some perceived problems of scientists communicating with the public arise







































































































































Great Lakes issues with them. The Pollution from Land Use Activities
Reference Group Panels remain one of the best and most successful
basinwide attempts to get the public involved. Unfortunately, there was
no follow-up of this attempt.
lOl
  


















































































Chairman, United States Section, International Joint Commission
Speaking on behalf of the three commissioners present, I want to thank Dr.
Jaworski and the distinguished members of the Council for inviting us to this
important meeting. We are pleased to tell you that this workshop has been
interesting, informative and a worthwhile experience.
During the last two days, we have had the opportunity to listen to Great
Lakes research managers and their senior scientific staff describing the
various aspects of the PCB problem and how research was able to provide the
data and scientific knowledge to understand the problem, though additional
research will always be required to complete the gaps in knowledge.
We were impressed when Dr. Fahmy told us about the amounts of funds and
resources you collectively control. However, we also understand that the
scientific technology needed to identify and measure trace amounts of
contaminants in the environment and the time and effort required to test
adequate numbers of samples and to interpret the results are costly.
Fortunately, because of your devotion to the task as well as the cooperation
and coordination of efforts, this research could be accomplished
cost—effectively and in a timely fashion. This was one of the objectives of
this workshop; to explore appropriate mechanisms for cooperation and research
coordination to achieve this end.
What we heard from you today in this regard was very encouraging and I
want to assure you of our full support. Thank you againfor your invitation
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